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@ Piezoelectric beam deflector. 



@ Several embodiments are disclosed of bar code 
readers in which one or more piezoelectric bimorph 
elements are utilized as a drive element in the 
optical system thereof. In different embodiments, the 
piezoelectric bimorph element is utilized in the scan- 
ning function of the bar code reader optical system. 
^ or in a variable focus zooming function of the optical 
^ system. The bar code readers are provided with 
improved decoding reliability, speed and orientation 
^ freedom, with regular or high density, one or two 
CM dimensional bar codes, by using multiple beam sym- 
1^ bol crossings, created by using one or more piezo- 
fO electric bimorph elements. In different disclosed em- 
^ bodiments, one or more cantilever mounted piezo- 
O electric bimorph elements support a scanning mirror, 
^ or a focusing lens, or a laser diode, or a las r diode 
ill and limiting aperture, for movement at the free ends 
of the bimorph elements to produce a scanning of 
the bar code reader optical system. Several dis- 



closed embodiments of the subject invention provide 
a beam deflector for a bar code reader optical sys- 
tem having a variable focus zoom lens system in 
which one or more cantilever mounted piezoelectric 
bimorph elements control the variable focus zoom 
lens system. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



The present invention relates generally to a 
piezoelectric beam deflector useful in bar code 
reader optical systems, both in scanning optical 
systems and also in zoom optical systems. 

More particularly, the subject invention pertains 
to simple and reliable piezoelectric beam deflectors 
which are useful in scanning and reading high and 
low density one and two dimensional bar code 
patterns. 

2. Discussion of the Prior Art 

The Increased use of bar code symbols to 
identify products, particularly in retail businesses, 
has resulted in the development of various bar 
code reading systems. Many users of bar code 
readers require portable hand-held scanners which 
place a premium on small size, lightweight and low 
power consumption requirements for the devices. 
One such system is a laser scanning bar code 
reading system as described in U.S. Patent 
4,496,831. commonly assigned to the same as- 
signee as the present patent application. 

The laser scanning system disclosed in U.S. 
Patent 4,496,831 includes a portable hand-held 
scanning head which may be embodied in various 
shapes, but preferably has a gun shaped housing 
made of lightweight plastic. A handle and barrel 
portion are provided to house the various compo- 
nents of the scanning system therein. Within the 
barrel portion are mounted a miniature light source, 
a miniature optic train including focusing lenses 
and a scanning system for directing light from the 
light source across a bar code symbol, and min- 
iature sensing means for detecting reflected light 
from the bar code symbol being scanned. 

The miniature light source can comprise a la- 
ser tube such as a coaxial helium neon laser tube, 
or an LED. or preferably a semiconductor laser 
diode which is considerably smaller and lighter 
than a laser tube, thus reducing the required size 
and weight of the scanning head and making the 
scanning head easier to handle and more maneu- 
verable. Light generated by the light source passes 
through the optic train which directs the beam onto 
the scanning system which is mounted within the 
barrel portion of the scanning head. The scanning 
system sweeps the laser beam across the bar 
code* symbol and comprises at least one scanning 
stepping motor or resonating or vibrating bar or 
scanner for sweeping the beam lengthwise across 
the symbol, and may comprise two motors wherein 
the second motor sweeps the beam widthwise 
across the symbol. Light reflecting mirrors are 



mounted on the motor shaft or shafts to direct th 
beam through the outlet port to the symbol. 

Currently used beam deflection apparatus uses 
a motor with different types of mirrors (including a 

5 polygon shaped mirror) mounted on or integrated 
with a motor shaft. The present invention eliminates 
a motor with its associated problems, like high 
cost, occupied space, heat dissipation, power con- 
sumption, reliability issues, etc., and several em- 

10 bodiments eliminate a mirror (such as a polygon 
shaped mirror) as a separate member of the beam 
deflector. 

A sensing circuit then detects and processes 
the light reflected from the symbol and generally 

75 comprises a photodetector element such as a 
semiconductor photodiode. The user positions the 
hand-held unit so the scan pattern traverses the 
symbol to be read, and the photodetector element 
produces serial electrical signals to be processed 

20 for identifying the bar code. A signal processing 
circuit for a bar code produces a signal which is 
directed to a bar pattern decoder circuit for decod- 
ing the bar pattern. 

The reader unit can have a movable trigger 

25 employed to allow the user to activate the light 
beam and detector circuitry when pointed at the 
symbol to be read, thereby conserving battery life 
if the unit is self-powered. The lightweight plastic 
housing contains the laser light source, the detec- 

30 tor, the optics, signal processing circuitry, a CPU 
and a battery. The reader is designed to be aimed 
at a bar code symbol by the user from a position 
where the reader is spaced from the symbol, i.e. 
not touching the symbol or moving across the 

35 symbol. Typically, this type of hand-held bar code 
reader is specified to operate in the range of per- 
haps several inches. Alternatively, the scanning can 
be performed automatically without any human in- 
terface or intervention. 

40 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the 
present invention to provide a bar code reader or 

45 scanner in which a piezoelectric bimorph element 
is utilized as a drive element in the optical system 
thereof. The piezoelectric bimorph element can be 
utilized in the scanning function of the bar code 
reader optical system, or in a variable focus zobm- 

50 ing function of the optical system. 

A further object of the subject invention is the 
provision of a bar code reader with improved de- 
coding reliability, speed and orientation freedom, 
for regular and high density, one and two dimen- 

56 sional bar codes, by using multiple beam symbol 
crossings, created by using a single or multi-mirror 
system mounted on or connected by flexible or 
rigid connectors to piezoelement(s). The mirror can 
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be a separate element, or can be a mirrored sur- 
face on the pie2oelement(s). 

The current trend in operation of scanning ele- 
ments is towards operation at higher frequencies 
(e.g. to read 2D codes) as well as improved effi- 
ciency in reading ID codes. Both piezoelectric 
actuators and moving coil actuators can operate at 
high frequencies ranging from hundreds of hertz to 
tens of kilohertz. but have a techncial disadvantage 
of a very small magnitude of mechanical displace- 
ment. Electrostrictive methods are preferable since 
no moving parts are involved. One possible solu- 
tion is a phenomena known as stationary waves. 
When the piezoelectric ceramics are adhered to an 
elastic body and an AC voltage is applied to the 
element, the assembly moves up and down repeat- 
edly at the same position. If the elastic body is 
coated with a reflective material or a mirror is 
mounted on supports attached to the elastic body 
and separated by a distance equal to 1/2 period of 
the wave, then the laser beam can be reflected 
with an acceptable large scanning angle. Larger 
displacements are also possible when the frequen- 
cy of the drive signal equals the mechanical reso- 
nance frequency of the piezoelement. Some piezo- 
electric materials have resonant frequencies in the 
500-5000HZ range which is a range of Interest. 
Other alternatives include PVDF (piezoelectric film) 
and ceramic bimorph based actuators and flexible 
mirrors, with an arrangement to amplify the move- 
ment of the piezoelements. 

In accordance with the teachings herein, the 
present invention provides a beam deflector for a 
bar code reader optical system having a focusing 
lens with a relatively short focal length. A piezo- 
electric bimorph element mounts the focusing lens 
for movement substantially perpendicular to its op- 
tical axis to produce a scanning of the optical 
system in a direction perpendicular to the optical 
axis. In several disclosed embodiments, the piezo- 
electric bimorph element is cantilever mounted, 
and the focusing lens is mounted at the free end of 
the piezoelectric bimorph element. In one disclosed 
embodiment, a second cantilever mounted bimorph 
element has Its free end secured to the focusing 
lens also, and the first and second bimorphs are 
driven in-phase to produce a scanning of the bar 
code reader optical system in a direction per- 
pendicular to its optical axis. 

In several disclosed embodiments of the 
present invention, the bar code reader is imple- 
mented in a portable, hand-held instrument, and 
the bar code scanner optical system includes a 
laser diode spaced along the optica! axis of the 
optical system. 

Several disclosed embodiments of the subject 
invention provide a beam deflector for a bar code 
reader optical system which includes a focusing 



lens system with a relatively short focal length, a 
laser diode, and a limiting aperture, all spaced 
along the optical axis of the optical system, A 
piezoelectric bimorph element mounts the laser 

5 diode for movement substantially perpendicular to 
the optical axis of the bar code reader optical 
system to produce a scanning in a direction per- 
pendicular to the optical axis. The piezoelectric 
bimorph element is preferably cantilever mounted, 

70 and the focusing lens is mounted at the free end of 
the piezoelectric bimorph element. In several em- 
bodiments, the limiting aperture is also mounted on 
the piezoelectric bimorph element for movement 
along with the laser diode, and the focusing lens 

75 system includes a positive lens and a negative 
lens, which lens combination increases the scan- 
ning angle of deflection. 

In one disclosed embodiment, a second piezo- 
electric bimorph element is cantilever mounted on 

20 the first piezoelectric bimorph element, and the 
laser diode and limiting aperture are mounted at 
the free end of the second piezoelectric bimorph 
element, such that the laser diode and limiting 
aperture are driven in combined x and y scanning 

25 motions by the combined motions of the first and 
second piezoelectric bimorph elements. 

Several disclosed embodiments of the present 
invention provide a beam deflector for a bar code 
reader optical system which includes a focusing 

30 lens with a relatively short focal length. A first 
piezoelectric bimorph element is cantilever moun- 
ted for scanning movement along a first axis, and a 
second piezoelectric bimorph element is cantilever 
mounted on the free end of the first piezoelectric 

35 bimorph element for scanning movement along a 
second axis substantially perpendicular to the first 
axis. A scanning mirror or a mirrored surface is 
mounted on the free end of the second piezoelec- 
tric bimorph element, such that the scanning mirror 

40 is driven in combined x and y scanning motions by 
the combined motions of the first and second pi- 
ezoelectric bimorph elements. 

Another disclosed embodiment of the subject 
invention provides a beam deflector for a bar code 

45 scanner optical system which includes a focusing 
lens with a relatively short focal length. A first 
cantilever mounted piezoelectric bimorph element 
supports a first mirror at its free end which is 
positioned along the optical axis for scanning 

50 movement along a first axis. A second cantilever 
mounted piezoelectric bimorph element is mounted 
independently of the first piezoelectric bimorph ele- 
ment and supports a second mirror at its free end 
which is positioned along the optical axis for scan- 

55 ning movement along a second axis substantially 
perpendicular to the first axis. The arrangement is 
such that the scanning beam is deflected in com- 
bined X and y scanning motions by the combined 
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motions of the first and second nnirrors. 

Several disclosed embodiments of the present 
invention provide a beam deflector for a bar code 
scanner optical system which includes a focusing 
lens with a relatively short focal length. A first 
piezoelectric bimorph element is cantilever moun- 
ted for scanning movement along a first axis, and a 
second piezoelectric bimorph element is cantilever 
mounted for scanning movement along a second 
axis substantially perpendicular to said first axis. A 
scanning mirror is coupled to and driven by the 
first and second piezoelectric bimorph elements, 
such that the scanning mirror is driven in combined 
x and y scanning motions by the combined mo- 
tions of the first and second piezoelectric bimorph 
elements. In one embodiment, the scanning mirror 
means is coupled directly to the first piezoelectric 
bimorph element, and is coupled by a thin bar to 
the second piezoelectric bimorph element. In a 
second embodiment, the scanning mirror is coup- 
led to the first piezoelectric bimorph element by a 
first thin bar, and is coupled to the second piezo- 
electric bimorph element by a second thin bar. 

One disclosed embodiment of the present in- 
vention provides a beam deflector for a bar code 
scanner optical system which includes a focusing 
lens with a relatively short focal length. A cantilever 
mounted base holder is driven by a permanent 
magnet and coil for scanning movement of the 
base holder along a first axis. A piezoelectric 
bimorph element is cantilever mounted on the base 
holder and supports a scanning mirror at its free 
end for scanning movement along a second axis 
substantially perpendicular to the first axis. In this 
embodiment, the piezoelectric bimorph element is 
cantilever mounted by a holder element positioned 
substantially midlength of the piezoelectric bimorph 
element. 

Several disclosed embodiments of the present 
invention provide a bar code reader in which a 
piezoelectric bimorph element is used to drive a 
zoom variable focus optical system therein. One 
embodiment thereof provides a beam deflector for 
a bar code scanner optical system having a focus- 
ing lens with a relatively short focal length. A first 
cantilever mounted piezoelectric bimorph element 
supports the focusing lens on one side, while a 
second cantilever mounted piezoelectric bimorph 
element supports an opposite side of the focusing 
lens. In operation, the first and second piezoelectric 
bimorph elements are driven out-of-phase to pro- 
duce a focusing movement of the focusing lens 
along its optical axis to produce a zoomed focusing 
of the bar code scanner optical system. A second 
disclosed embodiment provides a beam deflector 
for a bar code reader optical system which in- 
cludes a focusing lens with a relatively short focal 
length, a laser diode, and an adjustable limiting 



aperture, all spaced along the optical axis of the 
optical system. A piezoelectric bimorph element 
drives the adjustable limiting aperture to different 
aperture diameters, to produce a zoomed focusing 
5 of the bar code scanner optical system. The piezo- 
electric bimorph element is preferably cantilever 
mounted, and the adjusting limiting aperture is 
mounted at the free end of the cantilever mounted 
piezoelectric bimorph element. 

70 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and advantages of the 
present invention for a piezoelectric beam deflector 
75 may be more readily understood by one skilled in 
the art with reference being had to the following 
detailed description of several preferred embodi- 
ments thereof, taken in conjunction with the accom- 
panying drawings wherein like elements are des- 
20 ignated by identical reference numerals throughout 
the several views, and in which: 

Figure 1 ittustrates a schematic arrangement of 
a scanning beam deflector wherein a short focal 
length focusing lens is mounted to and oscil- 
25 lated by a piezoelectric bimorph; 

Figure 2 is a schematic arrangement of a scan- 
ning beam deflector wherein a short focal length 
focusing lens is mounted to and oscillated by a 
pair of piezoelectric bimorphs which are driven 
30 in an in-phase manner; 

Figure 3 illustrates an optical schematic of a 
conventional prior art bar code focusing optical 
system; 

Figure 4 depicts a bar code focusing optical 
36 system similar to Figure 3 wherein the laser 
diode is oscillated by a piezoelectric bimorph to 
cause scanning of the focused beam generated 
thereby: 

Figure 5 illustrates a bar code focusing optical 

40 system similar to Figure 3 wherein either the 
lens or the laser diode and aperture is oscillated 
by a piezoelectric bimorph to result in scanning 
of the focused beam generated thereby; 
Figure 6 illustrates a bar code focusing optical 

45 system using a combination of a positive lens 
and a negative lens for both beam focusing and 
beam deflection and scanning; 
Figure 7 illustrates a bar code scanning optical 
system wherein a pair of piezoelectric bimorphs, 

so one for x deflection and the second for y deflec- 
tion, drive a laser diode and aperture for com- 
bined X and y deflection of the focused beam; 
Figure 8 depicts a bar code scanning optical 
system wherein a pair of piezoelectric bimorphs, 

55 one for x deflection and the second bimorph, 
which is mounted on the first bimorph, for y 
deflection, drive a mirror scanner for combined x 
and y deflections of the scanned beam; 



EP 0 Sa4 222 A2 



Figure 9 depicts a bar code scanning optical 
system wherein a pair of independently moun- 
ted piezoelectric bimorphs, one for driving a first 
mirror for x deflection and the second for driving 
a second mirror for y deflection, produce com- 
bined X and y deflections of the scanned beam; 
Figures 10 and 11 depict similar bar code scan- 
ning optical arrangements wherein first and sec- 
ond piezoelectric binnorphs are flexibly attached 
to different points on a scanning mirror to create 
a two dimensional scanning pattern; 
Figure 12 illustrates a bar code scanning optical 
system having a single scanning mirror which is 
driven to scan along one axis by a piezoelectric 
bimorph and is driven to scan along a second 
axis by a magnetic drive coil; 
Figure 13 illustrates a bar code scanning zoom 
optical system wherein a focusing lens is dis- 
placed along its optical axis relative to a laser 
diode by a pair of piezoelectric bimorphs driven 
in an anti-phase manner; 

Figures 14 and 15 illustrate the effects of chang- 
ing the optical beam waist diameter by a vari- 
able aperture in a bar code scanning zoom 
optical system, with Figure 14 illustrating a large 
optical beam waist diameter and Figure 15 de- 
picting a small optical beam waist diameter; and 
Figure 16 illustrates a highly simplified embodi- 
ment of one type of bar code reader which can 
be utilized in association with the optical scan- 
ner with extended depth of focus of the present 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to the drawings in detail, Figure 1 
illustrates a schematic arrangement of a scanning 
beam deflector for a mirrorless bar code scanner 
wherein a short focal length lens 10 is positioned in 
front of a light source such as a laser diode 1 2, and 
is mounted to and oscillated by a piezoelectric 
bimorph 14. 

Piezoelectric bimorph structures are welt 
known in the art and can, for example, comprise 
two thin layers of lead zirconate titanate (PZT), or 
polyvinylidene fluoride (PVDF) film, bonded togeth- 
er with a conductive medium. The upper and lower 
surfaces (excluding the edges) of the structure are 
coated with a conductive material. The upper pi- 
ezoelectric layer is poled so that it expands longitu- 
dinally, while the lower layer contracts with an 
applied electric field. When a voltage is applied 
thereto by making contact to the upper and lower 
conductors, the device bends. If the voltage is 
reversed, the bimorph bends in the opposite direc- 
tion. The piezoelectric bimorph element can also 
be formed of piezoceramic or piezofilm, or can be 
of any suitable construction. 



Figure 2 is a schematic arrangement of a scan- 
ning beam deflector wherein a short focal length 
focusing lens 10 is positioned in front of a light 
source such as a laser diode 12, and is mounted to 

5 and oscillated by a pair of piezoelectric bimorphs 
16, 18 which are driven in an in-phase manner, 
which results in a more stable mounting arrange- 
ment for the focusing lens. 

Lens focusing systems in presently available 

70 bar code scanners use a lens with a relatively short 
focal length. As a result, a very short lateral move- 
ment of the laser diode therein causes a relatively 
large change in the angle of beam deflection after 
the focusing lens, as illustrated by Figures 3-6. 

75 Figure 3 illustrates an optical schematic of a 

conventional prior art bar code focusing optical 
system having an illuminating laser diode 20, a 
short focal length lens 22, and a limiting aperture 
24, which produces a beam waist focused at 26. 

20 Figure 4 depicts a bar code focusing optical 

system of the type illustrated in Figure 3 wherein 
the laser diode is oscillated by a piezoelectric 
bimorph 28 to cause scanning of the focused beam 
generated thereby. In the arrangement of Figure 4, 

25 the laser diode 20 is shifted by d[mm], which 
results in an angle of deflection ai = I , where Z is 
the distance between the laser diode 20 and the 
lens 22. 

Figure 5 illustrates a bar code focusing optical 

30 system of the type illustrated in Figure 3 wherein 
either the lens 22, or the assembly 29 of the laser 
diode 20 and aperture 24, is oscillated by a piezo- 
electric bimorph 29 to result in scanning of the 
focused beam generated thereby. In the arrange- 

35 ment of Figure 5, either the lens 22 is moved by d- 
[mm], or an assembly 29 of the laser diode 20 and 
the aperture 24 are moved by d[mm], which results 
in an angle of deflection a2 = f . wherein F is the 
focal length of the lens. 

40 Usually F > Z and as a result a2 > ai . Other 

than that, the optical arrangement of Figure 5 is 
preferred from the point of view of power transmis- 
sion since in this case the laser diode 20 looks 
directly into aperture 24. 

45 The achievable angles of deflection with an 

optical system for a presently available bar code 
scanner are as follows. Working with a lens with F 
= 10mm, for d = 1mm => = 5.7' . 

If this angle is not sufficiently large or if it is 

50 difficult to achieve a 1mm lateral shift of the laser 
diode, a deflection angle enhancer as shown in 
Figures 6 and 7 is possible. Figures 6 and 7 
illustrate a bar code focusing optical system using 
a combination of a positive lens 30 and a negative 

55 lens 32 for both beam focusing and beam deflec- 
tion and scanning. With this system, the results of 
an analysis indicate that it is relatively easy to build 
a compact optical system with an angle of deflec- 
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tion aa = 10*. 

The situations sliown hold true for a two di- 
mensional case also. Figure 7 illustrates a bar code 
scanning optical system similar in concept to that 
of Figure 6 wherein a pair of piezoelectric 
bimorphs, a first cantilever mounted bimorph 36 for 
X deflection and a second cantilever mounted 
bimorph 38, mounted on the free end of the first 
element 36, for y deflection, drive a laser diode 40 
and an aperture 42 for combined x and y deflection 
of the focused beam. The bar code focusing optical 
system uses both a positive lens 30 and- a negative 
lens 32 for beam focusing and also for beam 
deflection and scanning. 

Piezofilm (such as polyvtnylidene fluoride 
(PVDF) film) based end-clamped bimorph elements 
can be used as beam benders in several of the 
embodiments herein. Preliminary calculations show 
that a lateral shift of ± 1mm can be achieved by 
applying only ±15 volts to such a beam bender. 

Figure 8 depicts a bar code scanning optical 
system having a pair of sequentially mounted pi- 
ezoelectric bimorphs, a first bimorph 46 for y de- 
flection and a second bimorph 48, mounted on the 
first bimorph 46, for x deflection, which drives a 
scanning mirror 50 for combined x and y deflec- 
tions of the scanned beam. In this arrangement, the 
scanning mirror can be a separate mirror element 
or a mirror-like reflective material coated on the 
piezoelectric bimorph element. In the embodiment 
of Figure 8, the entire first piezoelement assembly 
is mounted on the second piezoelement assembly, 
which produces a two dimensional scan. The light 
beam incident on the surface of the mirror 50 is 
deflected with a frequency and angle dependent 
upon the characteristics of the piezoelements and 
the parameters of the drive signals. 

Figure 9 depicts a bar code scanning optical 
system having a pair of independently mounted 
piezoelectric bimorphs. a first 52 for driving a first 
mirror 54 for x deflection and a second 56 for 
driving a second mirror 58 for y deflection, thereby 
producing combined x and y deflections of the 
scanned beam. 

In some alternative embodiments, the two 
piezoelements can be flexibly attached to different 
areas of a mirror to create a two dimensional scan 
pattern. Figures 10 and 11 depict bar code scan- 
ning optical arrangements wherein first and second 
piezoelectric bimorphs 60, 62 are flexibly attached 
to different points on a scanning mirror 64 to create 
a two dimensional scanning pattern. In Figure 10, a 
common base 65 having a pivot 66 mounts the first 
bimorph 60, attached to the center of the mirror 64, 
for X deflection, and also mounts the second 
bimorph 62, attached by a bar 68 to one end of the 
mirror 64, for y deflection. The arrangement of 
Figure 1 1 is similar to that of Figure 10, and adds a 



bar 69 between the first bimorph 60 and the mirror 
to provide additional flexibility for the y scanning 
motion. 

Other types of beam benders, other than 

5 piezoelements, can also be utilized in some em- 
bodiments of the present invention, such as in- 
expensive and low power consumption electromag- 
netic elements like voice-coil drives. 

Figure 12 illustrates a bar code scanning op- 

70 tical system having a single scanning mirror 70 
which is driven to scan along the x axis by a 
piezoelectric bimorph 72 and is driven to scan 
along a second axis by a magnetic drive coil 74. 
The piezoelectric bimorph 72, with a mirror 70 or 

75 mirror-like material, is supported on a base holder 
76, which is mounted on a flexible base 78 
(polyester film or metal). A permanent magnet 79 
is attached to the base 78, and the coil 74 is 
mounted therebelow. When electrical signals are 

20 applied, the piezoelement 72 provides a scanning 
motion in a first x direction, while interaction be- 
tween the magnet 76 and the magnetic coil 44 
causes a scanning motion in a perpendicular y 
direction. 

25 A second practical application for piezoelectric 

or electromagnetic drives in laser diode bar code 
scanners is in zoom optical systems. 

Figure 13 illustrates a bar code scanning zoom 
optical system wherein a focusing lens 80 is dis- 

30 placed along its optical axis relative to a laser 
diode 82 by a pair of piezoelectric bimorphs 84, 86 
driven in an anti-phase manner. 

Other embodiments with zoom bar code scan- 
ners are based upon the fact that current laser 

35 diode bar code scanners use an optical focusing 
system with a very low Fresnel number N = 

40 

where 

a is radius of aperture; 

\ is wavelength; and 

Z is focusing distance. 
45 As a result, the beam waist is shifted from a 

position predicted by classical optics toward the 
lens in dependence upon the aperture size. A 
qualitative explanation of this effect is illustrated by 
Figures 14 and 15. 
50 Figures 14 and 15 illustrate the effects of dif- 

ferent aperture sizes upon the optical beam waist 
in a bar code scanning zoom optical system, with 
Figure 14 illustrating a large aperture size D1 and 
Figure 15 depicting a small aperture size D2. In 
55 Figure 14 the situation is shown with N » 1. In 
this situation, the angle 0 of cone of geometric rays 
(solid line) is much greater than the angle of cone 
of diffraction a. This situation is common to regular 
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photographic systems. 

The image of the laser diode is located at a 
distance Z from the lens. The geometrical angle ^ 
= D/Z. The diffraction angle a = k q , wherein k is 
a proportionality constant, and X is a wavelength. 

The beam diameter at any distance from the 
lens can be approximately represented by the sum 
of two diameters, geometrical and diffraction. When 
Di is large (case of N » 1), the diffraction angle is 
small and the beam waist is located at a distance Z 
as predicted by classical optics. But when D is 
small (D2 in Fig. 15) and a = which corresponds 
to the situation N = 1 , the diffraction cone starts to 
contribute to the overall beam diameter and the 
beam waist is shifted toward the lens. 

Therefore, a piezoelectric bimorph 90 can be 
utilized to control the aperture size, a change of 
which causes a shift of the beam waist. It can be 
shown that with a presently existing bar code scan- 
ning optical system, the waist can be moved within 
7-8" while maintaining the waist size about 10 mil. 

Figure 16 illustrates a highly simplified embodi- 
ment of one type of bar code reader that may be 
modified to utilize the piezoelectric beam deflector 
of the present invention. A reader 100 may be 
implemented in a hand-held scanner, as illustrated, 
or a desk-top workstation or stationary scanner. In 
a preferred embodiment, the arrangement is imple- 
mented in a housing 155 that includes an exit port 
156 through which an outgoing laser light beam 
151 is directed to impinge on, and to be scanned 
across, symbols 170 located exteriorly of the hous- 
ing. 

The hand-held device of Figure 16 is generally 
of the style disclosed in U.S. Patent 4,760,248 
issued to Swartz et al., or in U.S. Patent 4,896.026 
assigned to Symbol Technologies, Inc., and also 
similar to the configuration of a bar code reader 
commercially available as part number LS 8100 or 
LS 2000 from Symbol Technologies, Inc. Alter- 
natively, or in addition, features of U.S. Patent 
4.387,297 issued to Swartz et al. or U.S. Patent 
4.409,470 issued to Shepard et al., both such pat- 
ents assigned to Symbol Technologies, Inc., may 
be employed in constructing the bar code reader 
unit of Figure 16. These Patents 4,760,248. 
4,896,026 and 4.409,470 are incorporated herein 
by reference, but the general design of such de- 
vices will be briefly described here for reference. 

Referring to Figure 16 in more detail, an out- 
going light beam 151 is generated In the reader 
100, usually by a laser diode or the like, and 
directed to impinge upon a bar code symbol dis- 
posed on a target a few inches from the front of the 
reader unit. The outgoing beam 151 is scanned in 
a scan pattern, and the user positions the hand- 
held unit so this scan pattern traverses the symbol 
to be read. Reflected and/or scattered light 152 



from the symbol is detected by a light-responsive 
device 158 in the reader unit, producing serial 
electrical signals to be processed and decoded for 
reproducing the data represented by the bar code. 

5 As used hereinafter, the term "reflected light" shall 
mean reflected and/or scattered light. 

In a prefei'red embodiment, the reader unit 100 
is a gun shaped device having a pistol-grip type of 
handle 153. A movable trigger 154 is employed to 

10 allow the user to activate the light beam 151 and 
detector circuitry when the user has positioned the 
device to point at the symbol to be read. A ligh- 
tweight plastic housing 155 contains the laser light 
source 146, the detector 158, the optics 157. 147, 

75 159, and signal processing circuitry Including a 
detector 17, and the CPU 140 as well as power 
source or battery 162, A iight-transmissive window 

156 in the front end of the housing 155 allows the 
outgoing light beam 151 to exit and the incoming 

20 reflected light 152 to enter. The reader 100 is 
designed to be aimed at a bar code symbol by the 
user from a position in which the reader 100 is 
spaced from the symbol, i.e.. not touching the 
symbol or moving across the symbol. Typically, 

25 this type of hand-held bar code reader is specified 
to operate in the range of perhaps several inches. 

The reader 100 may also function as a portable 
computer terminal, and include a keyboard 148 and 
a display 149. such as described in the previously 

30 noted U.S. Patent 4,409,470. 

As further depicted in Figure 16. a suitable lens 

1 57 (or multiple lens system) may be used to focus 
the scanned beam onto the bar code symbol at an 
appropriate reference plane. A light source 146 

35 such as a semiconductor laser diode is positioned 
to introduce a light beam into the axis of the lens 
157, and the beam passes through a partially sil- 
vered mirror 147 and other lenses or beam-shaping 
structure as needed, along with an oscillating mir- 

40 ror 159, which is attached to a scanning motor 160 
activated when the trigger 154 is pulled. If the light 
produced by the source 146 is not visible, an 
aiming light, if needed, produces a visible-light spot 
which may be fixed, or scanned just like the laser 

45 beam; the user employs this visible light to aim the 
reader unit at the symbol before pulling the trigger 
154. 

Although the present invention has been de- 
scribed with respect to reading one or two dimen- 

50 sional bar codes, it is not limited to such embodi- 
ments, but may also be applicable to more com- 
plex indicia scanning applications. It is conceivable 
that the present invention may also find application 
for use with various machine vision or optical char- 

65 acter recognition applications in which information 
is derived from other types of indicia such as 
characters or from the surface characteristics of the 
article being scanned. 
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In all of the various embodiments, the elements 
of the scanner may be assembled Into a very 
compact package that allows the scanner to be 
fabricated as a single printed circuit board or in- 
tegral module. Such a module can interchangeably 
be used as the laser scanning element for a variety 
of different types of data acquisition systems. For 
example, the module may be alternately used in a 
hand-held scanner, a table top scanner attached to 
a flexible arm or mounting extending over the sur- 
face of the table or attached to the underside of the 
table top, or mounted as a subcomponent or sub- 
assembly of a more sophisticated data acquisition 
system. 

The module would advantageously comprise a 
laser/optics subassembly mounted on a support, a 
scanning element such as a rotating or reciprocat- 
ing mirror, and a photodetector component. Control 
of data lines associated with such components may 
be connected to an electrical connector mounted 
on the edge or external surface of the module to 
enable the module to be electrically connected to a 
mating connector associated with other elements of 
a data acquisition system. 

An individual module may have specific scan- 
ning or decoding characteristics associated there- 
with, e.g., operability at a certain working distance, 
or operability with a specific symbology or printing 
density. The characteristics may also be defined 
through the manual setting of control switches as- 
sociated with the module. The user may also adapt 
the data acquisition system to scan different types 
of articles or the system may be adapted for dif- 
ferent applications by interchanging modules on 
the data acquisition system through the use of the 
simple electrical connector. 

The scanning module described above may 
also be implemented within a self-contained data 
acquisition system including one or more such 
components as keyboard, display, printer, data 
storage, application software and data bases. Such 
a system may also include a communications inter- 
face to permit the data acquisition system to com- 
municate with other components of a local area 
network or with the telephone exchange network, 
either through a modem or an ISDN interface, or 
by low power radio broadcast from the portable 
terminal to a stationary receiver. 

While several embodiments and variations of 
the present invention for a piezoelectric beam de- 
flector are described in detail herein, it should be 
apparent that the disclosure and teachings of the 
present invention will suggest many alternative de- 
signs to those skilled in the art. 



The invention may be summarized as follows: 

1. A beam deflector for an optical system of a 
bar code scanner, comprising: 

5 a. said bar code scanner optical system hav- 

ing a focusing lens system with a relatively 
short focal length and an optical axis; and 
b. a piezoelectric bimorph element mounting 
said focusing lens system for movement sub- 

10 stantially perpendicular to the optical axis of 

the focusing lens system, to produce a scan- 
ning of the bar code scanner optical system 
in a direction perpendicular to the optical 
axis, and a second piiszoelectric bimorph ele- 

75 ment mounted on an opposite side of said 

focusing lens system from said first bimorph 
element, with the first and second bimorph 
elements being driven in-phase to produce a 
scanning of the bar code scanner optical 

20 system in a direction perpendicular to its 

optical axis. 

2. A beam deflector for an optical system of a 
bar code scanner as in 1, wherein said piezo- 
electric bimorph element is cantilever mounted, 

25 and the focusing lens system is mounted at the 
free end of the cantilever mounted piezoelectric 
bimorph element. 

3. A beam deflector for an optical system of a 
bar code scanner as in 1 , wherein said second 

30 piezoelectric bimorph element is cantilever 
mounted, and the focusing lens . system is 
mounted at the free end of the cantilever moun- 
ted second piezoelectric bimorph element. 

4. A beam deflector for an optical system of a 
35 bar code scanner as in 1, wherein said bar code 

scanner optical system includes a laser diode 
spaced along the optical axis of the focusing 
lens system. 

5. A beam deflector for an optical system of a 
40 bar code scanner as in 1, incorporated in a 

portable, hand-held bar code scanner. 

6. A beam deflector for an optical system of a 
bar code scanner, comprising: 

a. said bar code scanner optical system com- 
45 prising a focusing lens system with a rela- 

tively short focal length and an optical axis, a 
laser diode, and a limiting aperture spaced 
along the optical axis of the focusing lens 
system; 

50 b. a piezoelectric bimorph element mounting 

said laser diode for movement substantially 
perpendicular to the optical axis of said fo- 
cusing lens system, to produce a scanning of 
the bar code scanner optica! system in a 

55 direction perpendicular to the optical axis, 

and a second piezoelectric bimorph element 
mounted on said piezoelectric bimorph ele- 
ment, and said laser diode and said limiting 
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aperture being mounted on said second pi- 
ezoelectric bimorph element, such that the 
laser diode and limiting aperture are driven in 
combined x and y scanning motions by the 
combined motions of the piezoelectric 5 
bimorph elements. 
7. A beam deflector for an optical system of a 
bar code scanner as in 6, wherein said piezo- 
electric bimorph element is cantilever mounted, 
and the focusing lens system is mounted at the io 
free end of the cantilever mounted piezoelectric 
bimorph element. 

a. A beam deflector for an optical system of a 
bar code scanner as in 6, said limiting aperture 
also being mounted on said piezoelectric i5 
bimorph element for movement with said laser 
diode. 

9. A beam deflector for an optical system of a 
bar code scanner as claimed in claim 6, said 
focusing lens system comprising a positive lens 20 
and a negative lens. 

10. A beam deflector for an optical system of a 
bar code scanner as in 6, incorporated in a 
portable, hand-held bar code scanner. 

1 1 . A beam deflector for an optical system of a 25 
bar code scanner as in 6, wherein said second 
piezoelectric bimorph element is cantilever 
mounted on said piezoelectric bimorph element. 

and the focusing lens system is mounted at the 

free end of the cantilever mounted second pi- 30 

ezoelectric bimorph element. 

12. A beam deflector for an optical system of a 
bar code scanner as in 6, incorporated in a 
portable, hand-held bar code scanner. 

13. A beam deflector for an optical system of a 35 
bar code scanner comprising a focusing lens 
system with a relatively short focal length and 

an optical axis, a first piezoelectric bimorph ele- 
ment mounted for scanning movement along a 
first axis, a second piezoelectric bimorph ele- 40 
ment mounted on said first piezoelectric 
bimorph element for scanning movement along 
a second axis substantially perpendicular to said 
first axis, and a scanning mirror means mounted 
on said second piezoelectric bimorph element, 45 
such that the scanning mirror means is driven in 
combined x and y scanning motions by the 
combined motions of the first and second piezo- 
electric bimorph elements. 

14. A beam deflector for an optical system of a so 
bar code scanner as in 13. wherein said first 
piezoelectric bimorph element is cantilever 
mounted, and the second piezoelectric bimorph 
element is mounted at the free end of the can- 
tilever mounted first piezoelectric bimorph ele- 55 
ment. 

15. A beam deflector for an optical system of a 
bar code scanner as in 14, wherein said second 
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piezoelectric bimorph element is cantilever 
mounted on said first piezoelectric bimorph ele- 
ment, and the mirror means is mounted at the 
free end of the cantilever mounted second pi- 
ezoelectric bimorph element. 
16- A beam deflector for an optical system of a 
bar code scanner as in 13, wherein said bar 
code scanner optical system includes a laser 
diode spaced along the optical axis of the focus- 
ing lens system. 

17. A beam deflector for an optical system of a 
bar code scanner as in 13, incorporated in a 
portable, hand-held bar code scanner. 

18. A beam deflector for an optical system of a 
bar code scanner comprising a focusing tens 
system with a relatively short focal length and 
an optical axis, a first piezoelectric bimorph ele- 
ment mounting a first mirror means along the 
optical axis for scanning movement along a first 
axis, a second piezoelectric bimorph element 
mounting a second mirror means along the op- 
tical axis for scanning movement along a sec- 
ond axis substantially perpendicular to the first 
axis, such that the scanning beam is deflected 
in combined x and y scanning motions by the 
combined motions of the first and second mirror 
means. 

1 9. A beam deflector for an optical system of a 
bar code scanner as in 18, wherein said first 
piezoelectric bimorph element is cantilever 
mounted, and the first mirror means is mounted 
at the free end of the cantilever mounted first 
piezoelectric bimorph element. 

20. A beam deflector for an optical system of a 
bar code scanner as in 19, wherein said second 
piezoelectric bimorph element is cantilever 
mounted, and the second mirror means is 
mounted at the free end of the cantilever moun- 
ted second piezoelectric bimorph element. 

21 . A beam deflector for an optical system of a 
bar code scanner as in 18, wherein said bar 
code scanner optical system includes a laser 
diode spaced along the optical axis of the focus- 
ing lens system. 

22. A beam deflector for an optical system of a 
bar code scanner as in 18, incorporated in a 
portable, hand-held bar code scanner. 

23. A beam deflector for an optical system of a 
bar code scanner comprising a focusing lens 
system with a relatively short focal length and 
an optical axis, a first piezoelectric bimorph ele- 
ment mounted for scanning movement along a 
first axis, a second piezoelectric bimorph ele- 
ment mounted for scanning movement along a 
second axis substantially perpendicular to said 
first axis, and a scanning mirror means coupled 
to both said first and second piezoelectric 
bimorph elements, such that the scanning mirror 
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means is driven In combined x and y scanning 
motions by the combined motions of the first 
and second piezoelectric bimorph elements. 

24. A beam deflector for an optical system of a 

bar code scanner as in 23, wherein said first 5 
piezoelectric bimorph element Is cantilever 
mounted, and the scanning mirror means is 
mounted at the free end of the cantilever moun- 
ted first piezoelectric bimorph element. 

25. A beam deflector for an optical system of a io 
bar code scanner as in 23. wherein said second 
piezoelectric bimorph element is cantilever 
mounted, and the scanning mirror means is 
mounted at the free end of the cantilever moun- 
ted second piezoelectric bimorph element. 75 

26. A beam deflector for an optical system of a 
bar code scanner as In 23, wherein said scan- 
ning mirror means is coupled directly to said 
first piezoelectric bimorph element, and is coup- 
led by a thin bar to said second piezoelectric 20 
bimorph element. 

27. A beam deflector for an optical system of a 
bar code scanner as In 23, wherein said scan- 
ning mirror means is coupled to said first piezo- 
electric bimorph element by a first thin bar, and 25 
is coupled to said second piezoelectric bimorph 
element by a second thin bar. 

28. A beam deflector for an optical system of a 
bar code scanner as in 23, wherein said bar 
code scanner optical system includes a laser 30 
diode spaced along the optical axis of the focus- 
ing lens system. 

29. A beam deflector for an optical system of a 
bar code scanner as in 23, incorporated In a 
portable, hand-held bar code scanner. 35 

30. A beam deflector for an optical system of a 
bar code scanner comprising a focusing lens 
system with a relatively short focal length and 
an optical axis, a cantilever mounted base hold- 
er drive comprising a permanent magnet and 40 
coil mounted to drive said cantilever mounted 
base holder drive for scanning movement of the 
holder drive along a first axis, and a piezoelec- 
tric bimorph element mounted on said base 
holder drive and mounting a scanning mirror 45 
means for scanning movement along a second 

axis substantially perpendicular to the first axis. 

31. A beam deflector for an optical system of a 
bar code scanner as in 30, wherein said piezo- 
electric bimorph element is cantilever mounted, so 
and the scanning mirror means is mounted at a 

free end of the cantilever mounted piezoelectric 
bimorph element. 

32- A beam deflector for an optical system of a 
bar code scanner as in 30, wherein said piezo- 55 
electric bimorph element is cantilever mounted 
by a holder positioned substantially midlength of 
the piezoelectric bimorph element. 



33. A beam deflector for an optical system of a 
bar code scanner, comprising: 

a. said bar code scanner optical system hav- 
ing a focusing lens system with a relatively 
short focal length and an optical axis; and 

b. a first piezoelectric bimorph element 
mounting said focusing lens system, and a 
second piezoelectric bimorph element moun- 
ted on an opposite side of said focusing lens 
system from said first bimorph element, with 
the first and second piezoelectric bimorph 
elements being driven out-of-phase to pro- 
duce a zooming movement along the optical 
axis of the focusing lens system to produce a 
zoomed focusing of the bar code scanner 
optical system, 

34. A beam deflector for an optical system of a 
bar code scanner as in 33, wherein said first and 
second piezoelectric bimorph elements are can- 
tilever mounted, and the focusing lens system is 
mounted at the free ends of the first and second 
cantilever mounted piezoelectric bimorph ele- 
ments. 

35. A beam deflector for an optical system of a 
bar code scanner as in 33, wherein said bar 
code scanner optical system includes a laser 
diode spaced along the optical axis of the focus- 
ing lens system. 

36. A beam deflector for an optical system of a 
bar code scanner as in 33, incorporated in a 
portable, hand-held bar code scanner. 

37. A beam deflector for an optical system of a 
bar code scanner, comprising: 

a. said bar code scanner optical system hav- 
ing a focusing lens system with a relatively 
short focal length and an optica! axis, a laser 
diode, and an adjustable limiting aperture 
spaced along the optical axis of the focusing 
lens system; and 

b. a piezoelectric bimorph element driving 
said adjustable limiting aperture to different 
aperture diameters, to produce a zoomed fo- 
cusing of the bar code scanner optical sys- 
tem. 

38. A beam deflector for an optical system of a 
bar code scanner as in 37, wherein said piezo- 
electric bimorph element is cantilever mounted, 
and the adjusting limiting aperture is mounted at 
the free end of the cantilever mounted piezo- 
electric bimorph element. 

39. A beam deflector for an optical system of a 
bar code scanner as in 37, incorporated in a 
portable, hand-held bar code scanner. 

Claims 

1. A beam deflector for an optica! system of a bar 
code scanner, comprising: 
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a. said bar code scanner optica! system 
having a focusing lens system with a rela- 
tively short focal length and an optical axis; 
and 

b. a piezoelectric bimorph element mount- s 
ing said focusing lens system for movement 
substantially perpendicular to the optical 

axis of the focusing lens system, to produce 
a scanning of the bar code scanner optical 
system in a direction perpendicular to the io 
optical axis, and a second piezoelectric 
bimorph element mounted on an opposite 
side of said focusing lens system from said 
first bimorph element, with the first and sec- 
ond bimorph elements being driven in- is 
phase to produce a scanning of the bar 
code scanner optical system in a direction 
perpendicular to its optical axis. 

A beam deflector for an optical system of a bar 20 
code scanner as claimed in claim 1, wherein 
said piezoelectric bimorph element is cantile- 
ver mounted, and the focusing tens system is 
mounted at the free end of the cantilever 
mounted piezoelectric bimorph element. 25 

A beam deflector for an optical system of a bar 
code scanner as claimed in claim 1, wherein 
said second piezoelectric bimorph element is 
cantilever mounted, and the focusing lens sys- 30 
tem is mounted at the free end of the cantile- 
ver mounted second piezoelectric bimorph ele- 
ment. 

A beam deflector for an optical system of a bar 35 
code scanner as claimed in claim 1, wherein 
said bar code scanner optical system includes 
a laser diode spaced along the optical axis of 
the focusing lens system. 

40 

A beam deflector for an optical system of a bar 
code scanner as claimed in claim 1, incor- 
porated in a portable, hand-held bar code 
scanner. 

45 

A beam deflector for an optical system of a bar 
code scanner, comprising: 

a. said bar code scanner optical system 
comprising a focusing lens system with a 
relatively short focal length and an optical so 
axis, a laser diode, and a limiting aperture 
spaced along the optical axis of the focus- 
ing lens system; 

b. a piezoelectric bimorph element mount- 
ing said laser diode for movement substan- 55 
tially perpendicular to the optical axis of 

said focusing lens system, to produce a 
scanning of the bar code scanner optical 



system in a direction perpendicular to the 
optical axis, and a second piezoelectric 
bimorph element mounted on said piezo- 
electric bimorph element, and said laser 
diode and said limiting aperture being 
mounted on said second piezoelectric 
bimorph element, such that the laser diode 
and limiting aperture are driven in combined 
x and y scanning motions by the combined 
motions of the piezoelectric bimorph ele- 
ments. 

7, A beam deflector for an optical system of a bar 
code scanner as claimed in claim 6, wherein 
said piezoelectric bimorph element is cantile- 
ver mounted, and the focusing lens system is 
mounted at the free end of the cantilever 
mounted piezoelectric bimorph element. 

8. A beam deflector for an optical system of a bar 
code scanner as claimed in claim 6, said limit- 
ing aperture also being mounted on said piezo-. 
electric bimorph element for movement with 
said laser diode. 

9- A beam deflector for an optical system of a bar 
code scanner as claimed in claim 6, said fo- 
cusing lens system comprising a positive lens 
and a negative lens. 

10. A beam deflector for an optical system of a bar 
code scanner as claimed in claim 6. incor- 
porated in a portable, hand-held bar code 
scanner. 

11. A beam deflector for an optical system of a bar 
code scanner comprising a focusing lens sys- 
tem with a relatively short focal length and an 
optical axis, a first piezoelectric bimorph ele- 
ment mounted for scanning movement along a 
first axis, a second piezoelectric bimorph ele- 
ment mounted on said first piezoelectric 
bimorph element for scanning movement along 
a second axis substantially perpendicular to 
said first axis, and a scanning mirror means 
mounted on said second piezoelectric bimorph 
element, such that the scanning mirror means 
is driven in combined x and y scanning mo- 
tions by the combined motions of the first and 
second piezoelectric bimorph elements. 

12. A beam deflector for an optical system of a bar 
code scanner comprising a focusing lens sys- 
tem with a relatively short focal length and an 
optical axis, a first piezoelectric bimorph ele- 
ment mounting a first mirror means along the 
optical axis for scanning movement along a 
first axis, a second piezoelectric bimorph ele- 
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ment mounting a second mirror means along 
the optical axis for scanning movement along a 
second axis substantially perpendicular to the 
first axis, such that the scanning beam is de- 
flected in combined x and y scanning motions 
by the combined motions of the first and sec- 
ond mirror means. 

13. A beam deflector for an optical system of a bar 
code scanner comprising a focusing lens sys- 
tem with a relatively short focal length and an 
optical axis, a first piezoelectric bimorph ele- 
ment mounted for scanning movement along a 
first axis, a second piezoelectric bimorph ele- 
ment mounted for scanning movement along a 
second axis substantially perpendicular to said 
first axis, and a scanning mirror means coup- 
led to both said first and second piezoelectric 
bimorph elements, such that the scanning mir- 
ror means is driven in combined x and y 
scanning motions by the combined motions of 
the first and second piezoelectric bimorph ele- 
ments- 



a. said bar code scanner optical system 
having a focusing lens system with a rela- 
tively short focal length and an optical axis, 
a laser diode, and an adjustable limiting 

5 aperture spaced along the optical axis of 

the focusing lens system; and 

b, a piezoelectric bimorph element driving 
said adjustable limiting aperture to different 
aperture diameters, to produce a zoomed 

10 focusing of the bar code scanner optical 

system. 



75 



14. A beam deflector for an optical system of a bar 25 
code scanner comprising a focusing lens sys- 
tem with a relatively short focal length and an 
optical axis, a cantilever mounted base holder 
drive comprising a permanent magnet and coil 
mounted to drive said cantilever mounted base 30 
holder drive for scanning movement of the 
holder drive along a first axis, and a piezoelec- 
tric bimorph element mounted on said base 
holder drive and mounting a scanning mirror 
means for scanning movement along a second 35 
axis substantially perpendicular to the first axis. 



15. A beam deflector for an optical system of a bar 
code scanner, comprising: 

a. said bar code scanner optical system 4o 
having a focusing lens system with a rela- 
tively short focal length and an optical axis: 

and 

b. a first piezoelectric bimorph element 
mounting said focusing lens system, and a 45 
second piezoelectric bimorph element 
mounted on an opposite side of said focus- 
ing lens system from said first bimorph ele- 
ment, with the first and second piezoelectric 
bimorph elements being driven out-of-phase so 
to produce a zooming movement along the 
optical axis of the focusing lens system to 
produce a zoomed focusing of the bar code 
scanner optical system. 

55 

16. A beam deflector for an optical system of a bar 
code scanner, comprising: 
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@ Several embodiments are disclosed of bar code 
readers in which one or more piezoelectric bimorph 
elements are utilized as a drive element in the 
optical system thereof, in different embodiments, the 
piezoelectric bimorph element is utilized in the scan- 
CO ning function of the bar code reader optical system, 
^ or in a variable focus zooming function of the optical 
^ system. The bar code readers are provided with 
^ improved decoding reliability, speed and orientation 
W freedom, with regular or high density, one or two 
^ dimensional bar codes, by using multiple beam sym- 
00 bol crossings, created by using one or more piezo- 
^ electric bimorph elements. In different disclosed em- 
Q bodiments, one or more cantilever mounted piezo- 
electric bimorph elements support a scanning mirror, 
iTi or a focusing lens, or a laser diode, or a laser diode 
and limiting aperture, for movement at the free ends 
of the bimorph elements to produce a scanning of 



the bar code reader optical system. Several dis- 
closed embodiments of the subject invention provide 
a beam deflector for a bar code reader optical sys- 
tem having a variable focus zoom lens system in 
which one or more cantilever mounted piezoelectric 
bimorph elements control the variable focus zoom 
lens system. 
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